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2 Project 4.2.2.0

• Year 3/3 of project designed to quantify landscape-
scale environmental and socioeconomic benefits and
costs of bioenergy projects using an indicator-based
sustainability assessment approach

• Our research helps build the US knowledge base to
inform future decision-making regarding cellulosic
bioenergy feedstock choices and management
practices suited to local contexts (i.e., geographic
setting & stakeholder priorities)

• We are building a web-based visualization tool,
BioSTAR, that can be used to compare and evaluate
sustainability synergies and trade-offs of bioenergy
production in real-world situations

Project Overview 

BioSTAR = Bioenergy Sustainability 
Tradeoffs Assessment Resource
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3 Project 4.2.2.0

Management: Project Structure
Funding is divided evenly between two intertwined tasks:

Task 1: Fundamental research related to the quantification
and visualization of key environmental and socioeconomic
indicators and their interactions across various spatial scales
(e.g., fuelsheds, watersheds, subfields). We test and refine
our sustainability assessment approach through case studies
conducted with project collaborators, including the USDA
Forest Service, industries, universities, other DOE labs, and
IEA Bioenergy researchers

Develop 
sustainability 

science theories 

Test theories 
through case 

study application

Task 2: Develop an online decision support tool (BioSTAR) to
ensure that lessons learned under Task 1 are shared with a
broad range of bioenergy stakeholders & that stakeholders
are provided with an opportunity to expand the knowledge
base. Since Dec 2019, we have been refining BioSTAR’s
interface through bi-monthly consultation with 3 industry and
university partners
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4 Project 4.2.2.0

Management: Interdisciplinary ORNL Project Team
Esther Parish
Geographer and 
landscape ecologist; 
uses GIS and 
integrated models to 
study environmental 
and socioeconomic  
sustainability of 
renewable energy 
resources

Rebecca 
Efroymson
Risk assessment 
expert with 30 
years experience 
studying 
environmental 
effects of energy 
technologies

Keith Kline
> 30 years of 
international 
experience with 
sustainable 
development 
projects involving 
renewable energy 
systems and 
community 
engagement

Mike Hilliard
Specializes in 
mathematical 
analysis, 
visualization, 
simulation, and 
optimization 
techniques; created 
Billion-Ton 2016 data 
visualizations

Fie Xie 
Researcher 
specializing in 
optimization of 
biofuel supply 
chains, analytics, 
and decision 
sciences

Forest Carter 
Full stack web 
and GIS 
developer; trained 
cartographer 
specializing in 
natural resource 
managementPrincipal 

Investigator 
(Tasks 1 & 2)

BioSTAR 
Developer 

(Task 2)

Stakeholder 
Engagement 
(Tasks 1 & 2)

Data 
Visualization
(Tasks 1 & 2)

Indicator & 
Target 

Development
(Tasks 1 & 2)

Indicator 
Optimization

(Task 1)
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5 Project 4.2.2.0

Management: Case Study Collaborations

Photo by Esther Parish

Photo from DominicanToday.com

East Tennessee switchgrass

SE US wood pellets

Iowa stover & switchgrass
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6 Project 4.2.2.0

• Joint publications in peer-reviewed journals

• Joint conference presentations

• BioSTAR feedback collected from beta test at May 2019 IEA Bioenergy Workshop in Athens, GA

• Weekly check-ins with ORNL’s Bioresource & Engineering Group

• Bi-weekly discussions with BETO’s multi-lab Sustainable Land Management Working Group 
(SLMWG) to discuss 
 Integration of bottom-up and top-down modeling of bioenergy costs & benefits 
 Development of US case study to inform IEA Bioenergy Task 45, “Sustainability effects of bioenergy within the broader 

bioeconomy” 

• Monthly Antares-led webinars with the Iowa Landscape Design team

• Monthly BETO reports & webinars for “Data, Modeling & Analysis” project PIs

• Bi-monthly webinars with BioSTAR’s industry & university partners

• Quarterly reports & check-ins with BETO Technical Monitor

• Annual in-person meetings with the Iowa Landscape Design team

Management: Routes of Collaboration & Communication
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7 Project 4.2.2.0

Management: Project Risks & Mitigation Strategies

Risk Description Mitigation Strategy

Insufficient data Potential risk of not getting enough 
indicator datasets of sufficient quantity & 
quality for consistent visualization of 
progress toward sustainability for all 12 
environmental & socioeconomic 
categories

Narrow focus to a few key indicators that 
have the best available data

Lack of active 
participation by 
collaborators

Potential risk that one or more of our 
collaborators will decide that BioSTAR is 
not worth their voluntary investment of 
time and energy

Narrow focus to the case study (or case 
studies) of the collaborators who remain 
interested in developing BioSTAR for 
future use
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8 Project 4.2.2.0

Approach: Background/History

Dale VH, Kline KL, Parish ES, Eichler 
SE (2019) Engaging stakeholders to 
assess landscape sustainability. 
Landscape Ecology 34(6):1199–1218.

• Project builds from FY16-18 
BETO project “Bioenergy 
Sustainability: How to Define 
and Measure It” (PI: V Dale)

• Recently published approach 
synthesizes decades of 
research & field experiences 
to help others implement a 
process for quantifying 
progress toward sustainability

• Approach is refined through 
case studies at landscape 
scales (e.g., fuelsheds)
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9 Project 4.2.2.0

Approach: Advance Sustainability Science
How will local 
prioritization of 
indicators by 
stakeholders 
affect 
sustainability 
outcomes?

How should we 
set targets for 
the selected 
environmental & 
socioeconomic  
indicators? 

How can 
combinations 
of indicators 
be used to 
maximize 
benefits from 
landscape 
design 
alternatives?How can we 

integrate and 
visualize 
indicator data 
collected 
across many 
spatial and 
temporal 
scales?

What are the 
most effective 
ways to 
visualize and 
compare 
changes to a 
set of 
indicators 
across different 
scenarios?

S
ce

na
rio

 A

S
ce

na
rio

 B
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10 Project 4.2.2.0

Approach: Make BETO’s Research Accessible to Stakeholders
 BioSTAR is designed to guide 

users through the 6-step 
sustainability assessment 
process by:
 selecting key 

environmental & 
socioeconomic indicators

 setting baseline & target 
values

 mapping & visualizing 
progress across scenarios 

 BioSTAR shares data & results 
from ORNL’s case studies

 Industry & university partners 
have been testing BioSTAR’s 
interface with their own projects

We plan to release 
BioSTAR on 

https://bioenergykdf.net
by September 2021

9
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11 Project 4.2.2.0

Approach: Project Go/No Go Decision Point for BioSTAR tool
Verified that BioSTAR can accept & display indicator datasets contributed by non-ORNL users

Demonstration 1: Noah Etka (Antares) defined 
19-county fuelshed in southern Iowa and 
entered 11 indicator datasets

Demonstration 2: Ted Koch (SUNY ESF) 
defined 9-county fuelshed in upstate NY 
and entered 6 indicator datasets

Success resulted in a “Go” 
decision to continue 
developing BioSTAR

June 2020 Go/No Go Milestone
Demonstrate two separate examples:
1. User uploads indicator dataset
2. Data gets processed
3. Indicator results are visualized graphically
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12 Project 4.2.2.0

Approach: Top Challenges
1. Reconciling priorities of our 3 industry & university partners in addition to BETO as we 

prepare BioSTAR for public release

Invest time in visualizing differences between management scenarios? 
OR 

Invest time in finding & incorporating more baseline indicator datasets?

Example: 

VS.

County-scale poverty data Subfield-scale crop data

2. Integrating social & economic datasets with more highly resolved environmental datasets can 
lead to mismatches between indicator categories. Relative lack of established methods for 
downscaling socioeconomic data complicates case study analyses of synergies & tradeoffs 
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13 Project 4.2.2.0

Impact: Overcoming Bioeconomy Barriers
Project is addressing two needs identified in BETO’s Multi-Year Program Plan: 
 Science-Based Methods for Improving Sustainability
Quantification of Economic, Environmental, and Other Benefits & Costs 

Rural Jobs 
Farmer Profits
Soil Quality
Water Quality
Biodiversity
Carbon Emissions
Energy Security

 Rural Jobs 
 Farmer Profits
 Soil Quality
 Water Quality
 Biodiversity
 Reduced Carbon 

Emissions
 Energy Security

MAXIMIZE BENEFITS

We are building a web-based visualization tool, BioSTAR, that can be used to 
compare and evaluate sustainability costs & benefits of cellulosic bioenergy 
production in real-world situations
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14 Project 4.2.2.0

Impact: Stakeholders are Interested in BioSTAR
Partner End Uses for BioSTAR

• Facilitate discussions with State of New 
York re: greenhouse gas reduction goals 

• Education tool for students
• Develop renewable power for Fort Drum 

Army Base & Honeywell International 
using willow

• Develop & promote sustainable jet fuel 
supply chain for the Nashville & 
Memphis airports using an oilseed cover 
crop (pennycress)

• Help farmers attain Sustainability 
Certification

• Since Jan 2020, 3 industry & 
university partners have been 
actively engaged in BioSTAR’s 
development

• They test BioSTAR’s evolving 
interface & provide feedback to 
help us meet project milestones:
 Demonstrate that users can 

upload & visualize datasets
(June 2020)

 Incorporate indicator 
aggregation methodology into 
BioSTAR (June 2021)

 Release functional BioSTAR tool 
on Bioenergy KDF (Sep 2021)

“BioSTAR is very innovative, and if successful, could 
yield strong rewards to local and regional decision 
makers and planners.”—2018 Project Merit Reviewer
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15 Project 4.2.2.0

Progress & Outcomes: Developed Analysis Framework to Minimize Land 
Management Impacts on Species of Concern

Identified practices 
that can minimize 
wood pellet production 
impacts on gopher 
tortoise, including 
forest thinning and 
keeping vehicles >4 m 
away from burrows

Tested analysis framework with Gopherus 
polyphemus, a keystone species in SE USA 
where bioenergy wood pellets are produced

Figures from World Biomass 2020/2021 article by Dale, 
Baskaran & Parish based on Parish et al. (2020)
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16 Project 4.2.2.0

Progress & Outcomes: 
Successful BioSTAR Demonstration at International Workshop

• Developed & shared BioSTAR prototype
with foresters, researchers & industry
representatives at May 2019 wood pellet
workshop hosted by IEA Bioenergy and
UGA’s Warnell School of Forestry and
Natural Resources

• Usability surveys + additional feedback
collected from 32 session participants

• Prepared “Report on the utility & ease of
use of the BioSTAR prototype tool”

Example 
feedback 
requested:  

Which visualization 
do you prefer for 
comparing changes 
to a set of indicators 
across scenarios? 

Trellis (left) or 
Starburst (below)?

S
ce

na
rio

 A

S
ce

na
rio

 B

Scenario A Scenario B
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17 Project 4.2.2.0

Progress & Outcomes: Successful Collaboration for Landscape Design

AgSolver & Profit Zone 
Manager (PZM) 

datasets for all of Iowa 
at subfield scale

We developed GIS layers of clustered, low-profit 
corn/soy subfields targeted for switchgrass at 
scales of 2 watersheds, 2 fuelsheds & Iowa

South Fork watershed

BioEST modeling by Kreig & 
Jager shows 8% increase in 

Iowa’s species richness with 
targeted switchgrass plantings

Ha & Wu incorporated layers into SWAT 
model to assess potential water quality 
improvements in 2 watersheds, leading to 
joint publication by Ha et al. (2020) 

Rozum & Kemanian incorporated layers into Cycles
model to assess agroecosystem impacts of 
landscape design on productivity & environmental 
performance at field & watershed scales

16



18 Project 4.2.2.0

Progress & Outcomes: Iowa Landscape Design Scenario Development
Worked with BETO Projects 4.2.2.63 (PI: Comer) & 3.1.4.001 (PI: Kline) to define 4 alternative 
scenarios and develop corresponding geospatial layers for quantification of sustainability indicators

1. Basecase: corn/soy production on all fields, 
no conservation practices, no bioenergy

2. Improved Management Case: corn/soy 
production on all fields, some conservation 
practices, no cellulosic bioenergy market

3. Integrated Landscape Design A: bioenergy 
switchgrass plantings on clusters of 
unprofitable corn/soy subfields + 30% corn 
stover removal from suitable locations (with 
rye cover crop and no till) 

4. Integrated Landscape Design B: bioenergy 
switchgrass plantings on clusters of 
unprofitable subfields + 45% corn stover 
removal from suitable locations + rye cover 
crop and no till for all corn/soy acres + CRP 
plantings on remainder of low ROI subfields

Basecase & Improved Management Integrated Landscape Design A

Integrated Landscape Design B
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19 Project 4.2.2.0

Progress & Outcomes: Iowa Sustainability Case Study Completed

Quantified trends & tradeoffs in Iowa biomass systems at the scale of Nevada fuelshed and South Fork 
watershed using data collected by the Antares Iowa Landscape Design Team. ORNL’s sustainability model 
outputs show that integrated landscape designs can provide multiple benefits at both scales, including 
increased biodiversity, improved soil & water quality, reduced soil erosion, and climate change mitigation

18



20 Project 4.2.2.0

Progress & Outcomes: 
Invited book chapter for Data Science Applied to Sustainability Analysis

Release date:
May 1, 2021

Normalization transformations based on 
direction of indicator improvement

Array of maps 
displaying modeled 

changes in soil 
organic carbon (SOC) 

under 48 alternative 
management 

scenarios across 16 
Iowa counties
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21 Project 4.2.2.0

Summary
Management
Interdisciplinary Team addressing landscape-scale Environmental & Socioeconomic Sustainability of  
bioenergy production through Case Studies of multiple feedstock types conducted with many Collaborators

Approach

Impact
Science-Based Methods for Improving Sustainability

Quantification of Economic, Environmental, and Other Benefits & Costs

Progress & Outcomes
BioSTAR will help DOE & bioenergy stakeholders to 
compare and evaluate sustainability costs & benefits of 
cellulosic bioenergy production in real-world situations

Develop 
sustainability 

science theories 

Test theories 
through case 

study application

Share lessons 
learned via 

BioSTAR for 
improved practices

Task 1 Task 2
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22 Project 4.2.2.0

Additional Slides for Peer Reviewers

21



23 Project 4.2.2.0

Quad Chart Overview of Project 4.2.2.40
Timeline
• October 1, 2018
• September 20, 2021

FY20 Active Project
DOE 
Funding

$650,000 $1,950,000 total 
for FY19-21

Barriers addressed 
• Quantification of Economic, 

Environmental, and Other Benefits & 
Costs (At-E)

• Science-Based Methods for 
Improving Sustainability (At-F)

Project Goal
Design and develop a web-based tool, 
the Bioenergy Sustainability Tradeoffs 
Assessment Resource (BioSTAR), to 
help stakeholders assess the 
landscape-scale sustainability of their 
bioenergy projects. Using lessons 
learned from scientific case studies of 
cellulosic bioenergy production, 
BioSTAR will integrate environmental 
and socioeconomic indicators to 
quantify and visualize sustainability 
synergies and trade-offs of bioenergy 
production in real-world situations. In 
this way, future benefits can be 
maximized & negative impacts avoided

End of Project Milestone
Release functional BioSTAR tool on the 
Bioenergy KDF website

Project Partners
USDA Forest Service & ARS, IEA Bioenergy, 
UTIA, Antares, EFC Systems, SUNY ESF, 
ANL, INL, NREL, Penn State, Iowa State, 
NCSU, UGA, Michigan State, Genera & more

Funding Mechanism
BETO Annual Operating Plan (AOP)

22



24 Project 4.2.2.0

March 2019 Peer Review Comments
• “It is not clear that the model described can be generalized. Can it [BioSTAR] be applied to new cases other 

than the case studies under consideration?”

• “Knowing there are many existing sustainability certification schemes and approaches for varying audiences, 
the team should think carefully about and communicate whether and/or how BioSTAR differs from existing 
certification/sustainability schemes.”

• “Thirty-five indicators* are very comprehensive. It would be hard to rigorously assess them in a single case 
study—let alone build a generalized model capable of doing so for all possible cases.”

Adjustments in Project Approach
• For FY20-21, the project has engaged industry and university partners to focus BioSTAR’s development. 

These 3 partners have been testing BioSTAR’s user interface with their own project information & advising 
us on ways to make the tool useful and unique.

• We have narrowed our focus from 35 indicators* to key indicators selected in conjunction with stakeholders. 
Within BioSTAR, users can now select indicators which are most meaningful & manageable for their projects. 

* ORNL’s starting checklist of 35 indicators includes 19 environmental (McBride et al. 2011) 
and 16 socioeconomic indicators (Dale et al 2013) in 12 categories.
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25 Project 4.2.2.0

Publications related to Case Study 1: East Tennessee switchgrass-to-ethanol
Baskaran, Latha Malar (2017) Effects of Switchgrass Related Land-Use Changes on Aquatic Macroinvertebrates. PhD dissertation, University of Tennessee
Dimitriou I., Berndes, G., Englund, O., Brown, M., Busch, G., Dale, V., Devlin, G., English, B., Goss, K., Jackson, S., Kline, K. L., McDonnell, K., McGrath, J., Mola 

Yudego, B., Murphy, F., Negri, MC., Parish, E. S., Ssegane, H., and Tyler, D. (2018) Lignocellulosic Crops in Agricultural Landscapes: Production systems for 
biomass and other environmental benefits – examples, incentives, and barriers. IEA Bioenergy Task 43 Report TR2018-05. 

*Englund O, Dale VH, Kline KL, McGrath, J, McDonnell K, Mola-Yudego B, Murphy F, English B, Negri MC, Parish ES, Cacho J, Zumph C, Quinn J, Mishra S, Dimitriou I 
(2020) Multifunctional perennial production systems for bioenergy: performance and progress. WIREs Energy and Environment 9(5): e375.

Parish ES, VH Dale, BC English, SW Jackson, DD Tyler (2016) Assessing multimetric aspects of sustainability: Application to a bioenergy crop production system in 
East Tennessee. Ecosphere 7(2):e01206. 

Parish, ES, M Hilliard, LM Baskaran, VH Dale, NA Griffiths, PJ Mulholland, A Sorokine, NA Thomas, ME Downing, R Middleton (2012) Multimetric spatial optimization of 
switchgrass plantings across a watershed. Biofuels, Bioproducts and Biorefining 6(1): 58-72.

*Published since March 2019

Publications related to Case Study 2: SE US wood pellet production
*Dale VH, Baskaran LM, Parish ES (2021) Assessing Effects on Biodiversity from Wood Pellet Production in the Southeastern United States. World Biomass 2020-2021, 

pp 58-63. 

*Dale VH, Kline KL, Hodges DG, Chapagain B, Watcharaanantapong P, Poudyal NC (2019) Perspectives of Family Forest Owners Regarding Wood-Based Bioenergy. 
World Biomass 2019-2020. DCM Productions, United Kingdom

Dale VH, Kline KL, Marland G, Miner RA (2015) Ecological objectives can be achieved with wood-derived bioenergy. Frontiers in Ecology and the Environment 
13(6):297-299.

Dale VH, KL Kline, ES Parish, AL Cowie, R Emory, RW Malmsheimer, R Slade, CT Smith, TB Wigley, NS Bentsen, G Berndes, P Bernier, M Brandão, H Chum, R Diaz-
Chavez, G Egnell, L Gustavsson, J Schweinle, I Stupak, P Trianosky, A Walter, C Whittaker, M Brown, G Chescheir, I Dimitriou, C Donnison, A Goss Eng, KP Hoyt, 
JC Jenkins, K Johnson, CA Levesque, V Lockhart, MC Negri, JE Nettles, M Wellisch (2017) Status and prospects for renewable energy using wood pellets from the 
southeastern United States. GCB Bioenergy 9(8):1296-1305.

Dale VH, Parish ES, Kline KL (2016) Lessons from the forest. Pages 18-22 in World Biomass. DCM Productions, United Kingdom

Dale VH, Parish ES, Kline KL, Tobin E (2017) How is wood-based pellet production affecting forest conditions in the southeastern United States? Forest Ecology and 
Management 396:143-149.

Duden AS, PA Verweij, HM Junginger, RC Abt, JD Henderson, VH Dale, KL Kline, D Karssenberg, JA Verstegen, APC Faaij, F van der Hilst (2017) Modelling the impacts 
of wood pellet demand on forest dynamics in southeastern United States. Biofuels, Bioproducts and Biorefining 11(5):1007-1029.
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26 Project 4.2.2.0

*Hodges DC, Chapagain B, Watcharaanantapong P, Poudyal NC, Kline KL, Dale VH (2019) Opportunities and attitudes of private forest landowners in supplying woody 
biomass for renewable energy. Renewable and Sustainable Energy Reviews 113: 109205. 

*Hodges DG, Chapagain B, Watcharaanantapong P, Poudyal NC, Kline KL, Dale VH (2019) Dataset of Forest Landowner Survey to Assess Interest in Supplying 
Woody Biomass in Two Southeastern United States Fuelsheds. RSER Data in Brief 27: 104674.

*Kline KL, Dale VH (2020) Protecting Biodiversity through Forest Management: Lessons Learned and Strategies for Success. Int J Environ Sci Nat Res. 26(4): 556194.
*Kline KL, Dale VH, Rose E, Tonn B (2021) Effects of Production of Woody Pellets in the Southeastern United States on the Sustainable Development 

Goals. Sustainability 13(2): 821.
Kline KL, Parish ES and Dale VH (2018) The importance of reference conditions in assessing effects of bioenergy wood pellets produced in the southeastern United 

States. World Biomass 2018/2019 Edition, Pages 82-86. DCM Productions, United Kingdom. 
Parish ES (2017) Investigating the Sustainability of Southeastern United States’ Wood Pellet Production for Use in European Biopower Facilities. PhD Diss., University 

of Tennessee. https://trace.tennessee.edu/utk_graddiss/4832/
*Parish ES, Baskaran LM, Dale VH (2020) Framework for assessing land-management effects on at-risk species: Example of SE USA wood pellet production and 

gopher tortoise (Gopherus polyphemus). WIREs Energy and Environment 10(1): e385.
Parish ES, Dale VH, Kline KL (2017) Has pellet production affected SE US forests? World Biomass 2016/2017 Edition, Pages 38-42. DCM Productions, United 

Kingdom.
Parish ES, Dale VH, Kline KL Abt RC (2017) Reference scenarios for evaluating wood pellet production in the Southeastern United States. WIREs Energy and 

Environment 6:e259.
Parish, ES, Dale VH, Tobin E, Kline KL (2017) Dataset of timberland variables used to assess forest conditions in two Southeastern United States’ fuelsheds. Data in 

Brief 13:278–290.
Parish ES, Herzberger A, Phifer C, Dale VH (2018) Telecoupled transatlantic wood pellet trade provides benefits in both the sending and receiving systems. Ecology 

and Society 23(1):28. Synthesis article for a special issue on “Telecoupling: A New Frontier for Global Sustainability.”
*Parish ES, Kline KL “Use of FIA Datasets to Analyze Effects of Wood-Based Bioenergy Production.” Abstract in Brandeis, Thomas J., comp. (2020) Celebrating 

progress, possibilities, and partnerships: Proceedings of the 2019 Forest Inventory and Analysis (FIA) Science Stakeholder Meeting. November 19-21, 2019; 
Knoxville, TN. e-Gen. Tech. Rep. SRS-256. Asheville, NC: U.S. Department of Agriculture Forest Service, Southern Research Station. 267 p. Available at 
https://www.fs.usda.gov/treesearch/pubs/60966

Publications related to Case Study 2: SE US wood pellet production 
(continued)

*Published since March 2019
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27 Project 4.2.2.0*Published since March 2019

Publications related to Case Study 3: Iowa corn stover & perennial grass 
production for ethanol using landscape design principles
Dale VH, Kline KL, Richard TL, Karlen DL, Belden WW (2018) Bridging biofuel sustainability indicators and ecosystem services through stakeholder engagement. In a 

Special Issue on “Biofuels and Ecosystem Services” Biomass & Bioenergy 114:143-156. 

*Ha M, Wu M, Tomer M, Gassman P, Isenhart T, Arnold J, White M, Parish E, Comer K, Belden B (2020) Biomass production with conservation practices for two Iowa 
watersheds. Journal of the American Water Resources Association 56(6): 1030-1044.

Vazhnik, V., Parish, E.S., Dale, V.H. Kline, K.L., Richard, T.L. (2018) “Emergent properties of sustainability: Using agroecosystem indicators within spatial and temporal 
frameworks.” Paper 1800439. Proceedings of the American Society of Agricultural and Biological Engineers, Annual International Meeting (July 29 – August 1, 
Detroit, Michigan). 2018 ASABE Annual International Meeting 1800439. 

Publications related to ORNL’s Indicators and BioSTAR tool
Dale VH, RA Efroymson, KL Kline, MH Langholtz, PN Leiby, GA Oladosu, MR Davis, ME Downing, MR Hilliard (2013) Indicators for assessing socioeconomic 

sustainability of bioenergy systems: A short list of practical measures. Ecological Indicators 26: 87-102.

*Dale VH, Kline KL, Parish ES, Eichler SE (2019) Engaging stakeholders to assess landscape sustainability. Landscape Ecology 34(6):1199–1218

Efroymson, RA, VH Dale, KL Kline, AC McBride, JM Bielicki, RL Smith, ES Parish, PE Schweizer, DM Shaw (2013) Environmental indicators of biofuel sustainability: 
What about context? Environmental Management 51(2): 291-306. 

McBride, A, VH Dale, L Baskaran, M Downing, L Eaton, RA Efroymson, C Garten, KL Kline, H Jager, P Mulholland, E Parish, P Schweizer, and J Storey (2011) Indicators 
to support environmental sustainability of bioenergy systems. Ecological Indicators 11(5) 1277-1289.

*Parish E, Dale V, Davis M, Efroymson R, Hilliard M, Kline K, Jager H, Xie F (In Press) An Indicator-based Approach to Sustainable Management of Natural Resources. 
Chapter 13 of Data Science Applied to Sustainability Analysis 2020. Co-edited by Jennifer Dunn and Prasanna Balaprakash for Elsevier.

Pollesch N (2016) Mathematical Approaches to Sustainability Assessment and Protocol Development for the Sustainability Target Assessment Resource for Bioenergy 
(Bio-STAR). PhD Dissertation, Department of Mathematics, University of Tennessee, Knoxville, TN.

Pollesch N, Dale VH (2015) Applications of aggregation theory to sustainability assessment. Ecological Economics 114: 117-127.

Pollesch N, Dale VH  (2016) Normalization in sustainability assessment: Methods and implications. Ecological Economics 130:195-208.
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28 Project 4.2.2.0

Additional project & team member publications related to Bioenergy Sustainability

*Published since March 2019

Dale B, Anderson J, Brown R, Csonka S, Dale VH, Herwick G, Jackson R, Jordan N, Kaffka S, Kline K, Lynd L, Malmstrom C, Ong R, Richard T, Taylor C, Wang M. 
(2014) Take a Closer Look: Biofuels Can Support Environmental, Economic and Social Goals. Environmental Science & Technology 48(13): 7200-7203.

Dale VH, Efroymson RA and Kline KL. 2011. The land use – climate change – energy nexus. Landscape Ecology 26(6):755-773.

Dale VH, RA Efroymson, KL Kline, and M Davitt. 2015. A framework for selecting indicators of bioenergy sustainability. Biofuels, Bioproducts & Biorefining 9(4):435-446.

Dale VH, Elless M, Johnson K, Kline K, Negri C. 2014. Incorporating Bioenergy into Sustainable Landscape Designs: Summary of a workshop held in New Bern, North 
Carolina, on March 4-6, 2014

Dale VH, KL Kline (2017) Interactive Posters: A valuable means for enhancing communication and learning about productive paths toward sustainable bioenergy. 
Biofuels, Bioproducts and Biorefining 11:243–246.

Dale VH and KL Kline. 2013. Issues in using landscape indicators to assess land changes. Ecological Indicators 28:91-99

Dale VH, KL Kline, MA Buford, TA Volk, CT Smith, I Stupak. 2016. Incorporating bioenergy into sustainable landscape designs. Renewable & Sustainable Energy 
Reviews 56:1158-1171.

Dale VH, Kline KL, Kaffka SR, and Langeveld JWA. 2013. A landscape perspective on sustainability of agricultural systems. Landscape Ecology 28(6):1111-1123

Dale VH, KL Kline, D Perla, A Lucier. 2013. Communicating about bioenergy sustainability. Environmental Management 51(2): 279-290

Dale, VH, KL Kline, LL Wright, RD Perlack, M Downing, RL Graham. 2011. Interactions among bioenergy feedstock choices, landscape dynamics and land use. 
Ecological Applications 21(4):1039-1054.

Dale VH, Parish ES and Kline KL. 2014. Risks to global biodiversity from fossil-fuel production exceed those from biofuel production. Biofuels, Bioproducts & Biorefining 
9(2):177-189.

Efroymson RA, Dale VH. 2015. Environmental indicators for sustainable production of algal biofuels. Ecological Indicators 49:1-13. 

Efroymson RA, Dale VH and Langholtz MW (2016). Socioeconomic indicators for sustainable production and use of algal biofuels. GCB Bioenergy 9(6):1005-1023.

*Efroymson RE, Jager HI, Mathews TJ, Mandal S, Parish ES (In Press) Better Management Practices for Environmentally Sustainable Production of Microalgae and 
Algal Biofuels. Journal of Cleaner Production https://doi.org/10.1016/j.jclepro.2020.125150

27

https://doi.org/10.1016/j.jclepro.2020.125150


29 Project 4.2.2.0*Published since March 2019

Eichler Inwood SE, López-Ridaura S, Kline KL, Gérard B, Monsalue AG, Govaerts B, Dale VH. (2018) Assessing sustainability in agricultural landscapes: a review of 
approaches. Environmental Reviews 26(3):299-315.

Fritsche UR, G Berndes, AL Cowie, VH Dale, KL Kline, FX Johnson, H Langeveld, N Sharma, H Watson, J Woods (2017) Energy and land use. Working Paper for 
the UNCCD Global Land Outlook. Prepared for UNCCD and IRENA.

*Jager H, Parish E, Langholtz M, King A (2020) Perennials in flood-prone areas of agricultural landscapes: A climate adaptation strategy. BioScience 70(4): 278–280.

Johnson T, Bielicki J, Dodder R, Hilliard M, Kaplan O, Miller M (2013) Stakeholder decision making along the bioenergy supply chain: Sustainability considerations 
and research needs. Environmental Management 51(2): 339-353.

Kanter DR, Musumba M, Wood SLR, Palm C, Antle J, Balvanera P, Dale VH, Havlik P, Kline KL, Scholes RJ, Thornton P, Tittonell P, Andelman S (2018) Evaluating 
agricultural trade-offs in the age of sustainable development. Agricultural Systems 163:73-88. 

*Langholtz M, Busch I, Kasturi A, Hilliard M, McFarlane J, Tsouris C, Mukherjee S, Omitaomu O, Kotikot S, Allen M, DeRolph C, Davis M, Parish E (2020) The 
economic accessibility of CO2 sequestration through bioenergy with carbon capture and sequestration (BECCS) in the US. Land 9: 299. Special issue on 
“Bioenergy and Land.”

Liu J, Dou Y, Batistella M, Challies E, Connor T, Friis C, Huettmann F, Millington J, Parish E. et al. (2018) Spillover systems in a telecoupled Anthropocene: Typology, 
methods, and governance for global sustainability. Current Opinion in Environmental Sustainability 33:58–69. 

*Omitaomu OA, Kotikot SM, Parish ES (2021) Planning green infrastructure placement based on projected precipitation data. Journal of Environmental Management 
279: 111718. 

Parish ES, KL Kline, VH Dale, RA Efroymson, AC McBride, TL Johnson, MR Hilliard, JM Bielicki (2013) A multi-scale comparison of environmental effects from 
gasoline and ethanol production. Environmental Management 51(2): 307-338. 

Souza G, Ballester MVR, Cruz CHB, Chum H, Dale B, Dale VH, Fernandes E, Foust T, Karp A, Lynd L, Maciel R, Milanez A, Nigro F, Osseweijer P, Verdade L, 
Victoria R, Van Der Wielen L (2017) The role of bioenergy in a climate-changing world. Environmental Development 23:57-64.
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Recent Presentations & Panels
• Vazhnik V, Parish E, Henrich C, Richard T. “Incorporating the stakeholders into agricultural sustainability assessments.” US-IALE presentation given by Veronika 

Vazhnik of Penn State/INL on April 10, 2019 in Fort Collins, Colorado. 

• Parish ES. “Explore ORNL's recent sustainability case study of two Southeast US wood pellet supply areas using a prototype Bioenergy Sustainability Tradeoffs 
Assessment Resource (BioSTAR) tool.” A 3.5-hour collaborative session with 32 participants held on May 3rd as part of the May 1-3, 2019 IEA Bioenergy 
Workshop at the Warnell School of Forestry & Natural Resources, University of Georgia, Athens, GA. 

• Keith Kline served as an invited panelist for "Panel Discussion #3: Opportunities for Encouraging Collaboration, Finding Common Ground, and Developing Trust” 
and co-led an interactive poster session with Virginia Dale (ORNL Corporate Fellow Emeritus) to identify potential risks from woody bioenergy production as part of 
the May 1-3, 2019 IEA Bioenergy Workshop held at UGA.

• Esther Parish was invited by the US Forest Service to give a “Celebrating Our Successes” presentation at the USDA Southern Research Station/Forest Inventory 
and Analysis Employee Training and Development held in Oak Ridge, TN on August 13-15, 2019. Esther’s presentation with Consuelo Brandeis (USFS) was 
entitled “FIA Data in Action: Exploring Wood-Pellet Production Effects.”

• Esther Parish presented “Development of a Bioenergy Sustainability Tradeoffs Assessment Resource (BioSTAR)” at the Bioenergy Sustainability Conference 
hosted by the American Institute of Chemical Engineers (AIChE) in Nashville, TN on October 21-22, 2019. 

• Keith Kline chaired the October 2019 AIChE Bioenergy Sustainability Conference at the request of Gerald Tuskan of the Center for Bioenergy Innovation (CBI) and 
facilitated collaboration with researchers involved with the DOE Office of Science Bioenergy Research Centers.

• Esther parish presented “Use of FIA datasets to analyze effects of wood-based bioenergy production” at the 2019 FIA Stakeholders Science Meeting held on 
November 19-21, 2019 in Knoxville, Tennessee. Co-authors included Keith Kline, Consuelo Brandeis and Jeffery Turner of the USDA Forest Service, and Virginia 
Dale of the University of Tennessee.

• Rebecca Efroymson, Esther Parish and Keith Kline prepared an e-poster entitled, “Setting target values for indicators of sustainable land management” for the 
AAAS Meeting held in Seattle, WA on Feb 13-16, 2020. 

• On May 29, 2020, Esther Parish presented “Bottom-Up Modeling for Sustainable Land Management” at the virtual kickoff for the BETO multi-lab Sustainable Land 
Management Working Group (SLMWG) organized by NREL.

• Esther Parish was invited to serve on the “Metrics and Indicators” Panel of the virtual Bioeconomy Initiatives Forum on September 15, 2020 along with Jeremy 
Guest of the University of Illinois and Ralph Hogan of the Roundtable on Sustainable Biomaterials. The panel was moderated by Brian Heninger of EPA and 
generated good discussion.
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